Previous magnetic resonance imaging (MRI) studies have reported various subtle brain abnormalities in schizophrenic patients, including temporal lobe abnormalities, which are of particular interest given the role of this brain region in auditory and language processing, and the characteristic deficits in these processes in schizophrenia. Subjects in this study were 16 male patients diagnosed with chronic schizophrenia and 15 healthy male comparison subjects. These patients were characterized by negative symptoms. High spatial resolution coronal MRI 1.5-mm-thick slices were used to measure the gray matter volume of the superior temporal gyrus, anterior and posterior amygdala/ hippocampal complex, and parahippocampal gyrus. Patients, relative to normal comparison subjects, evinced a reduction of gray matter volume in bilateral superior temporal gyri and anterior amygdala/ hippocampal complex. The reduction in gray matter of the superior temporal gyrus in patients with schizophrenia is consistent with previous findings, and is noteworthy in that it was found in this group of patients with predominantly negative symptoms. The reduction in the anterior amygdala/ hippocampal complex was an additional temporal lobe finding. These results underscore the role of temporal lobe structures in the pathophysiology of schizophrenia.
Introduction
The temporal lobe has figured prominently in studies of schizophrenia, which is not surprising given the importance of this brain region for auditory and language processing -two processes that are notably abnormal in schizophrenia. Magnetic resonance imaging (MRI) studies have consistently reported temporal lobe abnormalities in schizophrenia (e.g., Johnstone et al., 1989; Bogerts et al., 1990; Becker et al., 1996 ; see also reviews by Shenton et al., 1997 Shenton et al., , 2001a Pearlson, 1997; McCarley et al., 1999) . Of particular note are MRI findings of Barta et al. (1990) of an association between auditory hallucinations with anteriorsuperior temporal gyrus (STG) and the findings of Shenton et al. (1992) of an association between posterior STG and thought disorder, which have spurred even greater interest in this brain region.
More specifically, there have been several studies reporting volume reductions in the gray matter of the STG (Shenton et al., 1992; Schlaepfer et al., 1994; Zipursky et al., 1994; Menon et al., 1995; Hajek et al., 1997; Hirayasu et al., 1998; Keshavan et al., 1998; Sullivan et al., 1998; Holinger et al., 1999; Marsh et al., 1999; Gur et al., 2000; Sanfilipo et al., 2000) . Recent reviews (Shenton et al., , 2001a McCarley et al., 1999) document that all studies (listed above) evaluating STG gray matter, separate from white matter, have reported reductions in schizophrenic patients, and 10 out of 15 studies in which gray and white matter were combined have reported reductions in schizophrenic patients (positive findings: Barta et al., 1990 Barta et al., , 1997 Flaum et al., 1995; Tune et al., 1996; Marsh et al., 1997; Pearlson et al., 1997; Reite et al., 1997; Keshavan et al., 1998; Bryant et al., 1999; Rajarethinam et al., 2000; negative findings: Vita et al., 1995; Kulynych et al., 1996; Woodruff et al., 1997; Roy et al., 1998; Havermans et al., 1999 ).
Structures of the medial temporal lobe have also been examined for their role in schizophrenia. The highly connected amygdala/hippocampal complex and parahippocampal gyrus are believed to be important for affective regulation and memory. Recent reviews (Shenton et al., , 2001a McCarley et al., 1999) describe reductions in medial temporal lobe structures as among the most consistent findings in the MRI literature. In particular, reductions of the amygdala/hippocampal complex have been widely reported (e.g., DeLisi et al., 1988; Barta et al., 1990; Bogerts et al., 1990; Breier et al., 1992; Shenton et al., 1992) , but there have also been some negative findings in this region (e.g., Zipursky et al., 1994; Sanfilipo et al., 2000; Staal et al., 2000) . In addition, reductions of the parahippocampal gyrus have been reported by some researchers (e.g., Shenton et al., 1992; Kawasaki et al., 1993) but not by others (e.g., Sanfilipo et al., 2000) .
Hence, although there have been many findings of reductions in temporal lobe brain structures, there has been some lack of agreement among the studies. Such discrepancies may be due to differences in variables such as duration of illness, methodology, and symptom profile, the latter of which is the focus of the present study. We were interested in the distinction between positive symptoms (e.g., delusions, hallucinations, disorganized speech and behavior) and negative symptoms (e.g., attention deficits, flattened affect, social withdrawal, and poverty of speech or action) and whether temporal lobe structural abnormalities are specific to individuals whose symptoms are predominantly positive or whether they reflect a more general abnormality of schizophrenia (including those individuals with predominantly negative symptoms). We note, however, that there are other distinctions such as Liddle et al.'s (1989) three-factor division of symptoms into psychomotor poverty, disorganization, and reality distortion. As a first pass, however, we have focused on the more categorical classification of negative and positive symptoms, with an emphasis in this study on negative symptoms.
The goal of the current study was thus to evaluate temporal lobe brain abnormalities in a group of patients characterized primarily by negative symptoms. Hence, patients were recruited from outpatient community residences (where we tend to see more psychosocial morbidity due to negative symptoms) vs. the acute psychiatric wards of the hospital (where hospitalization has been required due to exacerbation of positive symptoms). We measured gray matter volumes of STG, amygdala/hippocampal complex, and parahippocampal gyrus in this chronic group of patients and in a comparison group of normal subjects. We also compared our findings with a previous group of patients with schizophrenia with more positive symptoms, and their respective control group, in order to evaluate possible differences in temporal lobe abnormalities between patients with more negative versus more positive symptoms. Below, we report our findings in schizophrenia where we document temporal lobe volume reductions in the bilateral superior temporal gyri and anterior amygdala/hippocampal complex in this group of patients with predominantly negative symptoms.
Methods

Subjects
Sixteen right-handed male patients diagnosed with schizophrenia and from the VA Boston Healthcare System, Brockton Division, in Massachusetts participated in the study. All patients were diagnosed with schizophrenia based on the Diagnostic and Statistical Manual of Mental Disorders III-R (APA, 1987) criteria, derived from the Structured Clinical Interview for DSM-III-R (Spitzer et al., 1990) , and from information obtained from psychiatric records. All subjects were receiving neuroleptic medication equivalent to a mean of 347 mg of chlorpromazine per day, one was hospitalized at the time of recruitment, and 15 were in VA community care homes. The mean age of patients was 42.50 ± 8.79 and their mean duration of illness was 19.69 years ± 8.57.
The age range for inclusion in the study was 20 to 55 years. Subjects were excluded if they had a history of: (1) neurologic illness or major head trauma; (2) electroconvulsive therapy; (3) alcohol or drug dependence; or (4) alcohol and drug abuse within the past 5 years. The normal comparison group of 15 right-handed males was recruited through a newspaper advertisement and screened to exclude neurologic and psychiatric illness and alcohol abuse in themselves or in their first degree relatives. The mean age of the normal comparison group was 41.67 ± 7.51 SD. None of the patients or comparison subjects had participated in our earlier study of the same ROIs (Shenton et al., 1992) . All subjects gave written informed consent prior to study participation.
Handedness was assessed using the Edinburgh inventory (Oldfield, 1971 ; schizophrenia subjects: 0.79 ± 0.16; normal comparison subjects: 0.83 ± 0.16) and parental socioeconomic status was measured by the Hollingshead two-factor index (Hollingshead, 1965 : 1 = highest, 5 = lowest; schizophrenia subjects: 3.31 ± 1.14; normal comparison subjects: 2.67 ± 0.82). All subjects were given the WAIS-R information subscale (Wechsler, 1981 ; schizophrenia subjects: 10.63 ± 2.33; normal comparison subjects: 11.33 ± 1.88) as an estimate of gross fund of information.
Clinical measures
The following tests were administered to patients: The Scale for the Assessment of Positive Symptoms (SAPS; Andreasen, 1984) , The Scale for the Assessment of Negative Symptoms (SANS; Andreasen, 1981) , the Positive and Negative Syndrome Scale (PANSS; Kay et al., 1987) , and the Thought Disorder Index (e.g., Johnston and Holzman, 1979; Solovay et al., 1987) .
MRI acquisition and processing
MRI scans were obtained using a 1.5-T General Electric Signa System (GE Medical Systems, Milwaukee) at the Brigham and Women's Hospital in Boston, MA. For measuring the volume of the total intracranial contents [brain, cerebral spinal fluid (CSF), connective tissue and blood vessels], a continuous series of double-echo spin-echo axial slices (proton density and T2 weighted) was obtained (after a sagittal localizer), with the following imaging parameters: repetition time = 3000 ms, echo time = 30 and 80 ms, field of view = 24 cm, matrix = 256 × 256 (192 phase encoding steps, with zero filling), and an interleaved acquisition with 3-mm slice thickness. Voxel dimensions were 0.9375 × 0.9375 × 3 mm.
For the manual measurement of temporal lobe structures, three-dimensional Fourier-transform (3DFT) spoiled gradient-recalled acquisition (SPGR) were obtained with the following parameters: repetition time = 35 ms, echo time = 5 ms, one repetition, 45° nutation angle, 24-cm field of view, matrix = 256 × 256 (192 phase encoding steps) × 124, and an interleaved acquisition with 1.5-mm slice thickness. Voxel dimensions were 0.9375 × 0.9375 × 1.5 mm. The 124 slices, 1.5-mm thick, were formatted in the coronal plane.
For both axial (double echo spin-echo) and coronal (SPGR) acquisitions, gradient moment nulling and presaturation of a slab inferior to the head were performed to reduce flow-related artifacts. To reduce noise, an anisotropic diffusion filter was used prior to processing each set of scans (Gerig et al., 1992) . In addition, the anterior commissure/posterior commissure (AC/ PC) line was used to align the scans prior to acquisition.
To measure total intracranial contents, a semiautomated segmentation algorithm (Cline et al., 1988 (Cline et al., , 1990 ) was applied to the axial double echo images. This algorithm assigns voxels to distinct tissue classes (i.e., gray matter, white, matter, CSF, and connective tissue and vessels) based on signal intensities. A detailed description of this procedure can be found in Shenton et al. (1992) .
Definition of regions of interest
The superior temporal gyrus, amygdala/hippocampal complex and parahippocampal gyrus were outlined manually on a Sun workstation. The most anterior slice used for the superior temporal gyrus and amygdala/hippocampal complex was the one in which the white matter tract linking the temporal lobe with the rest of the brain (temporal stem) could be seen. The most posterior slice was the last appearance of fibers of the crux of the fornix. The posterior segment of the STG and the amygdala/hippocampal complex began with the first appearance of the mammillary bodies. The parahippocampal gyrus (non-subicular portions) was defined laterally by the collateral sulcus and a demarcation line drawn across the narrow portion of the gyral isthmus at the deepest portion of the collateral sulcus (for more detailed information see Shenton et al., 1992) .
All editing was done blind to diagnosis (but not to hemisphere as our raters are sufficiently sophisticated that they would discern major neuroanatomical differences between the hemispheres such as differences in the Sylvian fissure). Interrater reliability of the ROIs was evaluated by three independent raters (JEA, TK, SC) who were also blind to diagnosis (a fourth rater [KK] was included for the STG). Ten cases were selected at random and every third slice was edited by the raters. Intraclass correlation coefficients were computed for each of manual drawings of the regions of interest and yielded the following intraclass coefficients: STG: r = 0.82; amygdala/hippocampal complex: r = 0.95; parahippocampal gyrus: r = 0.77.
Statistical analyses
Independent sample t-tests were used to test for differences in age, handedness score, parental socioeconomic status, and WAIS-R information subscale scores. Total ICC was used to compute relative volumes in order to control for variations in brain size [100 × (ROI volume/ ICC volume)]. In addition to using this ratio to control for differences in brain size, we also performed linear regression measures on the absolute volume to adjust for total ICC. Because both methods are used in the literature, we included both for comparison here. Statistical results of the analyses of residual volumes are mentioned only if they differed from those of the relative volume. Statistical analyses were based on the relative and residual volumes. Percent differences were calculated from relative volume measures.
To determine whether or not certain ROIs were more reduced than other ROIs, the ROI volumes were first converted to Z-scores so that all the ROIs would be on the same scale. This was necessary because ROIs differ from one another in size, hence a larger structure (e.g., the STG) is likely to show a larger difference than a smaller structure (e.g., the parahippocampal gyrus) simply because it is a larger structure to begin with, but not necessarily because it is more greatly affected. The mean and standard deviation of the comparison group were used to calculate the Z-scores and the normalized scores were then submitted to an ANOVA with two within subject variables, ROI (STG, anterior amygdala/hippocampal complex, posterior amygdala/hippocampal complex, parahippocampal gyrus) and side (left, right), and one between subject variable, group (schizophrenia, comparison). Follow-up ANOVAs were conducted on the absolute and relative volumes of each ROI with side (left, right) as a within subject variable and group as a between subjects variable. The Huynh-Feldt correction was applied to all analyses with greater than 1 degree of freedom in the numerator. Because our a priori hypothesis was that the ROIs would differ between schizophrenia and comparison groups, as they did in the previous study (Shenton et al., 1992) , planned comparisons using ttests were used to compare volumes, however, we conservatively chose to use two-tailed tests of significance.
Pearson correlations were used to examine the relationship between the temporal lobe ROIs. Two-tailed tests of significance were utilized on both absolute and relative volumes, with a conservative significance level of 0.001 (Bonferroni correction). Because the distribution of clinical measures was not normal, exploratory analyses of the correlations between ROIs and clinical measures were evaluated using Spearman rank-order correlation coefficients (twotailed tests with a significance level conservatively set at 0.01).
To compare the symptom profile of the patients in the present study with that of the patients in the previous study from our lab (Shenton et al., 1992) , a repeated measures ANOVA was done with test score (total score from the SAPS, total score from SANS) as a within subjects variable and group (present study, previous study) as a between subjects variable.
In order to examine further the role of symptomatology, we combined the previous data set (Shenton et al., 1992) with the current data set. Z-scores of ROI volumes were used for several reasons. First, the patients were from separate studies with different comparison groups. Secondly, although the acquisition parameters were identical, there had been several upgrades of the software to the GE scanner since the 1992 study. Finally, while we used the same neuroanatomical landmarks for the ROI measures, different raters were used in the earlier and later studies, again suggesting that it would be appropriate to use Z-scores. The Z-scores were computed for each patient by using the mean and standard deviation of the corresponding comparison group for that patient. Using the Z-score adjusted volumes, correlation analyses were completed for total SAPS and SANS scores and ROI volumes. In addition, a median split was performed to separate the combined pool of subjects into two groups -those with low SAPS scores and those with high SAPS scores, and t-tests were conducted to compare the Zscore-adjusted ROI volumes for these two groups. (The same analyses were conducted using a median split of total SANS scores.) We also did a median split of the pooled data based on TDI totals and compared ROI volumes using t-tests.
Results
There were no significant group differences in age, handedness score (Edinburgh inventory, Oldfield, 1971) , parental socioeconomic status (Hollingshead two-factor index; Hollingshead, 1965) , or information subscale of the WAIS (Wechsler, 1981) .
Temporal lobe regions of interest
There were no significant differences between groups in volume of the total intracranial contents [t(29) = − 1.024, p = 0.314]. The repeated measures ANOVA of normalized ROI values (Z-scores) with ROI (STG, anterior amygdala/hippocampal complex, posterior amygdala/hippocampal complex, and parahippocampal gyrus) and side (left, right) as within subjects variables and group as a between subjects variable revealed a trend for an interaction of ROI and group [F(3,87) = 2.348, p < 0.087). To further examine this trend, each ROI was compared between groups separately. Significant differences were found for the STG [F(1,29) = 5.384, p < 0.028; an 8% difference] and anterior amygdala/hippocampal complex [F(1,29) = 4.857, p < 0.036; a 13% difference], but not for the posterior amygdala/hippocampal complex or parahippocampal gyrus. There were no Group by Hemisphere interactions, indicating a lack of lateralization of the effects.
Planned comparisons of individual ROIs revealed that the left superior temporal gyrus volume was reduced in the patient group by 9% [t(29) = − 2.626, p < 0.014; see Fig. 1 ]. The anterior portion of the left STG was smaller (by 25%) in the patient group, a difference that approached significance [t(29) = − 1.790, p = 0.073]. A 6% reduction in the left posterior portion did not reach significance (p = 0.11).
There were no significant differences among the individual t-tests of the other medial temporal lobe structures (left and right anterior amygdala/hippocampus, posterior amygdala/ hippocampus, and parahippocampal gyrus). Table 1 lists the means of each ROI and corresponding p-values from the t-tests. There were no significant correlations between chlorpromazine equivalent and any of the temporal lobe regions of interest.
It is likely that the differences found in the anterior left and posterior STG may have been only marginal due to a lack of statistical power. In fact, a post hoc power analysis shows that if the number of subjects were increased to approximately 22 subjects per group, the results would likely have reached significance at the 0.05 level. Furthermore, given the directional nature of our hypothesis, one could argue that one-tailed t-tests were warranted here. If one-tailed tests were used, the left anterior STG would have reached significance (p < 0.037, while the left posterior STG and right anterior amygdala/hippocampal complex would have still only approached significance (p = 0.056 and p = 0.053, respectively).
In addition to the analyses of absolute and relative volume measures, we also performed analyses using residual measures from a regression analysis controlling for total ICC. The results of the ANOVA and t-tests were consistent with those of the relative volumes.
Correlations among regions of interest
Correlations are reported for absolute volumes, but were considered significant only if they reached a significance level of 0.001 for both absolute and relative volumes. The schizophrenia group showed a positive correlation between the left and right parahippocampal gyrus (r = 0.80, p < 0.0005), while the normal comparison group also showed a positive correlation of the relative volume of the left and right parahippocampal gyrus (r = 0.82, p < 0.0005) but only a trend for the absolute volume (r = 0.74, p < 0.002 ). There were no other significant correlations found in the subjects with schizophrenia. [In the normal comparison group there were several positive correlations: left and right posterior STG (r = 0.82, p < 0.0005); left anterior amygdala/hippocampal complex and left anterior STG (r = 0.80, p < 0.0005); and right anterior amygdala/hippocampal complex and right anterior STG (r = 0.80, p < 0.0005)].
Correlations with clinical measures
The correlation between right posterior STG and "poor attention" subscale of the PANSS (rho = − 0.67, p < 0.005) was the only subscale from the PANSS, SAPS or SANS to reach our criterion for significance (p < 0.01 for both absolute and relative volumes).
Scores on the TDI were available for eleven subjects with schizophrenia. We found a negative correlation between the degree of thought disorder and absolute volume of left STG (rho = − 0.606, p < 0.048). There was also a negative correlation between the absolute volume of right posterior STG and TDI (rho = − 0.610, p = 0.046). Positive correlations were found between the TDI and left parahippocampal gyrus and for both absolute (rho = 0.615, p = 0.044 and relative volumes (rho = 0.624, p = 0.040). The correlation of TDI and absolute volume of the right parahippocampal gyrus approached significance (rho = 0.587, p < 0.058), while the relative volume reached significance (rho = 0.692, p < 0.018).
Symptom profile comparison
As noted previously, we recruited patients whose symptom profile was characterized by more negative symptoms vs. positive symptoms. To quantify differences in the symptom profile of the previous subject sample (Shenton et al., 1992 ) and the present sample, an ANOVA was done with repeated measures ANOVA with score (SAPS, SANS) as a within subjects variable and group (previous, present patients with schizophrenia) as a between subjects variable. There was a significant interaction of score and group (F(1,28) = 4.761, p < 0.038). [There was no main effect of score (p = 0.146)]. The interaction was a cross-over interaction (illustrated in Fig. 2 ) in which the total SAPS was greater in the Shenton et al. (1992) sample while the total SANS was greater in the present sample. This finding highlights the difference between the two samples in symptom profiles and confirms that our attempts to recruit patients, characterized by more negative symptoms compared to our previous sample, were indeed successful.
Combined data from previous study
Subjects from the present study were pooled with those from our previous study (Shenton et al., 1992) in order to examine the relationship between symptom profile and brain morphology. ROI volumes were converted to Z-scores (see Methods). There was a trend towards a significant negative correlation between the left posterior STG and total SAPS score (Z-score adjusted volume: r = − 0.33, p < 0.078), such that the higher the total SAPS score, the lower the left posterior STG volume. To further investigate this relationship, we did a median split of total SAPS scores on the pooled subjects from both the present study and the previous study (Shenton et al., 1992 ) and compared Z-score adjusted volumes of the left posterior STG. Although the analysis did not reach significance (p = 0.152), the effect size was large (0.55) and the direction of the finding was consistent with the above negative correlation in that subjects with higher total SAPS scores had lower volume of left posterior STG. SANS total scores did not correlate significantly with any of the Z-score-adjusted ROIs, nor were there any significant findings in the t-tests of Z-score-adjusted ROIs based on the median split of SANS total scores. The median split of the TDI scores revealed that subjects with a greater degree of thought disorder had lower volumes in left STG [t (20) 
Discussion
The major findings of this study were MRI gray matter volume reduction in bilateral STG and anterior amygdala/hippocampal complex in a group of patients with chronic schizophrenia manifesting mainly negative symptoms. The STG finding is consistent with several other studies (e.g., Zipursky et al., 1994; Menon et al., 1995; Marsh et al., 1999; Gur et al., 2000; Sanfilipo et al., 2000) , which have found bilateral STG reduction in individuals with schizophrenia. The superior temporal gyrus is a brain region that is important for auditory processing and also plays a significant role in language processing (which is usually leftlateralized in right-handed individuals). Hence, it is not surprising that this region would be affected in schizophrenia.
In the previous study from our lab (Shenton et al., 1992) , volume reductions were found in a schizophrenia group evincing predominantly positive symptoms in the posterior region of the left STG, while in the present study the volume reduction was not localized to the left posterior portion but was significant in the STG as a whole. However, it should be noted that in the present study the effect size was large in the left STG (0.91) but only moderate in the right STG (0.53). In addition, the t-tests of individual ROIs revealed a significant reduction in the left STG but not in the right STG. This pronounced effect in the left STG is thus consistent with our previous study as well as other studies that have found left STG reductions in schizophrenia (e.g., Hirayasu et al., 1998; Keshavan et al., 1998) .
The absence of significant correlations between STG volume and neuroleptic dosage suggests that STG volume changes were not secondary to neuroleptic dosage. Furthermore, Hirayasu et al. (1998) have reported left STG volume reductions in patients newly diagnosed with schizophrenia who had received neuroleptic treatment for a brief time only (less than 2 months). In addition, the STG volume reduction found in the Hirayasu et al. study was specific to patients with schizophrenia and it was not observed in a group of bipolar patients.
The STG finding is hence a robust finding appearing in both chronic and first episode patients. Furthermore, unlike many other MRI findings, it appears consistently across studies from multiple laboratories using a variety of methodologies and patient populations. An important finding from the present study is that STG reduction does not appear to be dependent upon the symptom profile (i.e., positive or negative symptom predominance). It is important to point out, however, that the positive/negative distinction is thought to be dimensional rather than categorical (Andreasen and Olson, 1982) , and that although patients in this study had a predominance of negative symptoms, they still manifested positive symptoms.
The reduction in anterior amygdala/hippocampal complex is consistent with other studies (e.g., Breier et al., 1992; Marsh et al., 1994) . This anterior region of the amygdala/hippocampal complex largely encompasses the amygdala, a structure thought to be important for heightening the processing of information during emotional states (Bechara et al., 1995; Gloor, 1986 ; see also Wible et al., 1997) . Findings in this region have been mixed regarding lateralization of the effect. Pearlson et al. (1997) found reduced volume in the right amygdala in schizophrenic subjects, while Shenton et al. (1992) found volume reduction in the left anterior amygdala/ hippocampal complex. In our present study, the effect was not lateralized to either hemisphere. Some studies have not found any differences in this region (e.g., Swayze et al., 1992; Becker et al., 1996; Staal et al., 2000) . Mixed findings may be due to methodological differences such as different segmentation and measurement techniques, and different slice thicknesses, as well as differing symptom profiles of patients.
Reductions in other medial temporal lobe structures have also been widely reported in the literature (for reviews see Shenton et al., 1997 Shenton et al., , 2001a McCarley et al., 1999) . For example, volume reductions in the hippocampus have been reported by Bogerts et al. (1990 Bogerts et al. ( , 1993 , especially among male patients and in the left hemisphere (see also Becker et al., 1996) . In addition, the volume of the parahippocampal gyrus has been found to be reduced in schizophrenic patients (Shenton et al., 1992) . However, not all studies have found significant differences in the hippocampus region (e.g., Zipursky et al., 1994; Sanfilipo et al., 2000) or parahippocampal gyrus (e.g., Sanfilipo et al., 2000) . In the present study, we did not find significant differences in the posterior hippocampus or in parahippocampal gyrus. The interrater reliability was low for the parahippocampal gyrus, a factor which may have contributed to the null finding.
In sum, reductions in medial temporal lobe structures have been widely reported but there are inconsistencies in the literature regarding the particular structures, however, reductions in STG gray matter have an extremely high degree of replicability. As noted in the introduction, all of the studies that have measured gray matter of STG have found reductions in schizophrenia compared to normal comparison subjects (Shenton et al., , 2001a McCarley et al., 1999) .
There were several differences between the present findings and those of the previous study from our lab (Shenton et al., 1992) . Our finding of STG reduction approximated that of the previous finding of left posterior STG reduction in that our effect size was more pronounced in the left hemisphere. In addition, our anterior amygdala/hippocampal complex finding was bilateral compared to the previous finding of reductions in left anterior amygdala/hippocampal complex. Furthermore, while the previous study found reductions in the left and right parahippocampal gyrus, we did not find any differences in these structures. The image processing tools were the same in both studies with the exception of upgrades made to the scanner. One possible reason for the slightly different findings is that our new sample of patients differed in clinical symptomatology from our previous sample. The current sample was characterized by less severe positive symptoms, and more severe negative symptoms. An ANOVA of SAPS and SANS total score revealed a cross-over interaction, which is illusrated in Fig. 2 . Although positive and negative symptoms may fluctuate in terms of acute exacerbations of the illness, the patients (in both samples) were chronic patients who tend to have a more stable symptom profile over time. When we combined the current data with the previous chronic patient sample, we found a trend for positive symptoms being associated with left STG reductions. Shenton et al. (1992) reported several correlations among temporal lobe structures (e.g., between the left parahippocampal gyrus and the left posterior amygdala/hippocampal complex, and the left anterior STG and the left anterior amygdala/hippocampal complex) that were present in the schizophrenia group but not in the comparison group, however, these correlations did not reach significance in the present study. It is unclear why we did not find similar correlations among our subjects with schizophrenia, but one likely possibility is the different symptom profiles between the patients in the two studies.
In the present study we examined the relationship between clinical measures and temporal lobe structures. While several previous studies have reported negative correlations between the severity of hallucinations and left STG (Barta et al., 1990; Flaum et al., 1995; Levitan et al., 1999; Rajarethinam et al., 2000) , as in our previous study (Shenton et al., 1992) , we did not find such a correlation. Furthermore, while some studies (e.g., Shenton et al., 1992; Menon et al., 1995; Marsh et al., 1997) have found reported a negative correlation between severity of thought disorder and left posterior STG volume reduction, we observed a negative correlation with severity of thought disorder and both left STG and right posterior STG volume reduction (absolute volume only). When the two patient groups (from the current study and Shenton et al., 1992) were pooled together and split into two groups based on TDI score, those with a higher degree of thought disorder had lower volumes in left STG compared to those with lesser degrees of thought disorder. In addition, we found a negative correlation between the right posterior STG and the "poor attention" subscale of the PANSS, a finding that may be linked to the fact that our patient sample displayed predominant negative symptoms. It is important to point out that our correlation analyses were exploratory in nature, hence should be interpreted with caution until replicated and subjected to more conservative tests.
One limitation of the study is that it did not include any female subjects because patients were recruited from a Veterans Affairs Medical Center. In future studies, it will be important to compare the volumes of temporal lobe structures of both female and male subjects with corresponding normal comparison groups. Furthermore, patients with a greater range of symptoms (both positive and negative) should be included to further study the role of symptomatology.
It will also be important in future studies to more closely examine the nature of language disturbances in schizophrenia and to determine if they are associated with volume reduction in specific regions of the STG. Recent evidence from neuroimaging tools (e.g., PET and fMRI) has led to exciting new hypotheses of language processing in the brain that link specific neuroanatomic areas of the STG with specific language functions. For example, Hickok and Poeppel (2000) (see also Buchsbaum et al., in press) propose that there are functionally distinct regions in the posterior STG involved in speech processing that may comprise divergent dorsal and ventral processing systems. According to this view, the dorsal stream projects from the posterior STG/parietal operculum to Broca's area and interfaces sound-based representations of speech with motor-based representations. The ventral stream projects from posterior superior temporal sulcus posteriorly to temporal-parietal-occipital structures and interfaces sound-based representations with conceptual representations. Another view, espoused by Wise et al. (2001) , postulates two subsystems that are important for the acquisition of new lexical representations: One, in the left posterior superior temporal sulcus, is important for processing the temporal order of sounds that make up heard or internally generated words. The other, in the nearby left medial temporoparietal junction, is involved in the repetition of words and sounds. New models such as these invite more in-depth studies in the fields of functional and structural neuroimaging that take a closer look at the functional significance of subregions of the STG.
In conclusion, we found further evidence of abnormal temporal lobe structures (STG and anterior amygdala/hippocampal complex) in patients with chronic schizophrenia with predominantly negative symptoms. The findings are consistent with previous MRI studies and further establish the temporal lobe as a significant region in the study of schizophrenia. Means for total SAPS and SANS scores from the Shenton et al. (1992) study and the present study, depicting greater total SANS scores of the subjects in the present study and greater total SAPS scores of subjects in the Shenton et al. (1992) study [interaction of score and group: F (1,28) = 4.761, p < 0.038]. Table 1 Mean gray matter volumes of temporal lobe regions of interest (standard deviations in parentheses) c Posterior superior temporal gyrus.
